INTRODUCTION
============

With the exception of third molars, maxillary canines are the most frequently impacted teeth, with prevalence ranging from 0.8 to 3.0%.[@B01] ^,^ [@B02] ^,^ [@B03] Maxillary canines are considered to be important esthetically and functionally, and patients with impacted maxillary canines are found to be more difficult and time-consuming to treat than the average orthodontic patient.[@B04]

Localization of impacted canines can be challenging with conventional radiographic methods due to image distortion, superimposition of three-dimensional structures, image artifacts, projection errors and sometimes poor image quality.^1,5,6,7^ More recently, three-dimensional volumetric imaging systems (CBCT) have allowed more precise localization of impacted canines, using spatial relationships, with excellent tissue contrast.[@B05] The costs, efficiency, and benefits of CBCT imaging are very favorable, as one single imaging session can provide many important views to locate the position of the impacted tooth.[@B03]

Several variables have been proposed to predict the difficulty of treating impacted maxillary canines and the likelihood of complications or failure.[@B08] In a study by Fleming et al, angulation of the canine, vertical position from the occlusal plane, anterior-posterior position of the root apex and the degree of overlap of the adjacent incisor correlate with the prognosis of ectopic canines.[@B02] Zucatti et al reported a strong association between the number of visits and increasing age, vertical height, and mesial displacement of the cusp tip.[@B08]

Canines that are angulated towards the horizontal plane, according to Pitt et al,[@B09] have a poorer alignment prognosis. A buccopalatal position of the canine crown also influences treatment decisions, with palatally impacted canines being more likely to be surgically exposed, whereas those in the line with the dental arch or buccally positioned are more likely to be removed.[@B09] It has been reported that the higher above the occlusal plane the canine is positioned, the poorer the prognosis for alignment.[@B09] McSherry described this as \"the vertical rule of thirds\".[@B10]

Maxillary lateral incisor root resorption is the most common adverse effect associated with an impacted maxillary canine.[@B11] Previous studies have shown that root resorption less than 0.60 mm in diameter and 0.30 mm in depth cannot be detected with 2D radiography.^12,13^ Alqerban[@B14] found that CBCT imaging was significantly better than panoramic radiography in determining the degree of root resorption in the categories of slight and severe resorption.

Impacted teeth are notoriously more difficult to treat in adults.[@B15] A study found that the success rate among patients over 30 years old was 41%, whereas the success rate for those aged between 20 and 30 years old was 100%.[@B08]

Presently, the prediction of impacted canines treatment success has been largely based on personal clinical experience and anecdotal evidence; therefore, a system that offers an improved assessment technique of the degree of difficulty in bringing a displaced canine into alignment will be beneficial for both patient and clinician.[@B09] The related studies are mainly based on conventional radiographs, and CBCT have not been used widely for estimation of difficulty.

In the present study, the primary objective was to find the opinion of experienced orthodontists about difficulties in treating a sample of impacted canines, using CBCT information. The secondary objective was to find the main factors related to this decision.

MATERIAL AND METHODS
====================

There is no general agreement on the criteria used to distinguish between impacted maxillary canines that could be treated orthodontically or not. After a careful literature review on ISI website for \"impacted maxillary canine\", \"ectopic maxillary canine\", \"treatment difficulty\", \"orthodontic treatment\", \"CT\" and \"CBCT\", 237 articles were found. Among these, 11 articles were selected according to their citation and relevance.^2,4,5,6,8,9,15-19^ One expert orthodontist evaluated the articles. Age, horizontal position, vertical position, apex position, angulation, buccopalatal position and rotation factors were used in the articles with 2D radiograph.^2,4,8,9,15,16^ 3D view provides more information about impacted canines, but the studies using 3D views only evaluated incisor resorption, canine crown or root position.^5,6,17,18,19^ We thought that besides the above factors, dilaceration and transposition could also be clearly seen in CBCT scans. As a result, ten factors were selected for evaluation in this study. [Table 1](#t01){ref-type="table"} provides a list of the ten factors and their related grading. Since CBCT information was not used widely in the previous articles to detect treatment difficulty of impacted canines, we decided to combine these data with expert orthodontists\' opinions.

Table 1 -Scales and grading proposed to establish the ten variables assessed.NumberVariableValue1AgeYounger than 18 years1Between 18- 25 years2Older than 25 years32Horizontal position in relation to adjacent teeth (overlap):Cusp tip in proper normal position0Cusp tip is deviated from its center, but without any overlap on lateral incisor1Cusp tip have overlaped the distal half of the lateral incisor2Cusp tip have overlaped the mesial half of lateral incisor3Cusp tip have overlaped the distal half of the central incisor4Cusp tip have overlaped the mesial half of the central incisor or passed the midline53Transposition with lateral or first premolarNo0Yes14Vertical distance between canine tip to occlusal planCanine cusp is in proper vertical location0Canine cusp is in the coronal region1Cusp tip lies in the cervical third of the incisor root2Cusp tip lies in the middle third of the incisor root3Cusp tip lies in the apical third of the incisor root4Cusp tip is supra-apical to the incisor root55Apex locationCanine root is in proper normal location0Canine root is deviated from its center, but without any overlap on first premolar1Canine root is in the mesial half of the first premolar2Canine root is in the distal half of first premolar3Canine root is in the mesial half of the second premolar4Canine root is distal to the midline of the second premolar56Angulation in relation to the occlusal planAngle ≤ 30 degrees4Angle between 30-45 degrees3Angle between 45-60 degrees2Angle above 60 degrees17Root dilacerationsNo0Yes18Incisor root resorptionNo resorption0Slight resorption when less than midway between pulp canal and cementum is resorbed1Moderate resorption when more than midway between pulp canal and cementum is resorbed2Severe resorption when the pulp is exposed39Buccopalatal positionCanine located in the middle of alveolar bone1Canine located in the buccal surface of alveolar bone2Canine located in the palatal surface of alveolar bone210Rotation: (in 3D view)No0Yes1

These ten factors all have different scales of measurements and a different range of ratings depending on the nature and importance of each factor which were generally based on the reviewed literature. With the exception of age, all other factors were measured on the CBCT scan. Because CBCT provided a great amount of information for each patient, we decided to use a more structured format so that we could analyze tooth location and surrounding structures in a smooth and convenient way. Each factor was determined using the following sequence in CBCT:

» Step one: frontal view
========================

A\) The horizontal position of the impacted tooth was evaluated in relation to adjacent incisors ([Fig 1A](#f01){ref-type="fig"}).

Figure 1 -Four-step evaluation. Step one: Reconstructed 3D image in frontal view used to examine impacted canine. A) Overlap and B) Transposition.

B\) Transposition was evaluated, if present ([Fig 1B](#f01){ref-type="fig"}).

» Step two: lateral view
========================

(Right and left side depending on the location of the impacted tooth).

A\) The vertical position of canine tip was measured in relation to adjacent teeth ([Fig 2A](#f02){ref-type="fig"}).

Figure 2 -Four step evaluation; Step two: Reconstructed 3D image from sagittal view to examine impacted canine A) Vertical position B) Apex location and C) Angulation in relation to occlusal plan.

B\) The apex position of the impacted tooth was recorded in relation to adjacent teeth ([Fig 2B](#f02){ref-type="fig"}).

C\) The angulation of the impacted tooth was calculated in relation to the occlusal plane ([Fig 2C](#f02){ref-type="fig"}).

» Step three: axial view
========================

A\) The extent of possible incisor root resorption was measured at the location where the canine tip was closest to incisor root (according to the distance between pulp and cementum) ([Fig 3A](#f03){ref-type="fig"}).

Figure 3 -Four-step evaluation. Step three: Axial view to examine impacted canine. A) Induced root resorption at the closest contact with incisor root and B) Buccopalatal position at the crown level.

B\) The buccopalatal position of the impacted tooth was determined in relation to the center of the dental arch ([Fig 3B](#f03){ref-type="fig"}).

» Step Four
===========

A\) Dilacerations and their location were recorded.

B\) Rotations were recorded (mesial and distal 3D views of canine crown were determined and its angulation with the line of arch circumference was measured. If this angle was zero, the teeth had no rotation).

A sample of 36 patients with 50 impacted maxillary canines were collected and had CBCT scans taken by a Newtom 3G device (Quantitative Radiology, Verona, Italy), with minimum slice thickness of 0.4 mm, in which the maxilla and impacted canines could be seen completely. To measure these factors, we imported the DICOM files into Dolphin 3D software designed for analysis of CBCT data. Subsequently, we adjusted the orientation and used the transparency tool to increase image clarity so that any impacted teeth could be easily seen. Then, each factor was measured on Dolphin 3D.

According to our second aim, we planned to assess the difficulty of impacted maxillary canine forced eruption to the occlusal level using the opinion of a group of experienced orthodontists. To facilitate our four-step examination, for this phase, we prepared four 2D and five 3D images for each impacted tooth to be uploaded easily in a website devoted to this study (www.canineimpaction.com shown in [Fig 4](#f04){ref-type="fig"}). We sent a participation request to 20 well-known national and international orthodontists.

Figure 4 -Web-base questionnaire for 50 impacted canines that each expert orthodontist evaluated for subjective degree of difficulty. Measurements of all variables for each tooth were recorded.

After examining the records of each patient, the evaluators were asked to suggest a grade for the difficulty in aligning, or bringing into occlusion, impacted canines. This was done by allocating a score based on a scale from 1 to 10, with 1 being very easy and 10 extremely difficult. The evaluators\' score for each tooth was termed subjective degree of difficulty (SDD).

Following data collection, correlation between mean SDD and the measured variables was established by means of linear regression in SPSS 16.

RESULTS
=======

Thirty six consecutive patients (29 females and 7 males), with 50 impacted maxillary canines, referred to the orthodontic clinic of the School of Dentistry for orthodontic treatment, were included in this study. Fourteen patients had bilateral impaction. Nine canine impactions were on the right, while 13 were on the left side. The subjects ranged in age from 12 to 34 years old (mean 19.08 ± 5.8 years).

The main observer examined all impacted maxillary canines and measured each one of the ten factors. Distribution of percentages for each factor can be seen in [Table 2](#t02){ref-type="table"}.

Table 2 -Distribution percentage of diagnostic factors in 50 impacted canines.NumberVariableValue1AgeYounger than 18 years52%Between 18- 25 years34%Older than 25 years14%2Horizontal position in relation to adjacent teeth (overlap)Cusp tip in proper normal position12%Cusp tip is deviated from its center, but without any overlap on lateral incisor2%Cusp tip have overlaped the distal half of the lateral incisor14%Cusp tip have overlaped the mesial half of lateral incisor18%Cusp tip have overlaped the distal half of the central incisor26%Cusp tip have overlaped the mesial half of the central incisor or passed the midline28%3Transposition with lateral or first premolarNo100%Yes\--4Vertical distance between canine tip to occlusal planCanine cusp is in proper vertical location\--Canine cusp is in the coronal region\--Cusp tip lies in the cervical third of the incisor root40%Cusp tip lies in the middle third of the incisor root42%Cusp tip lies in the apical third of the incisor root12%Cusp tip is supra-apical to the incisor root6%5Apex locationCanine root is in proper normal location\--Canine root is deviated from its center, but without any overlap on first premolar\--Canine root is in the mesial half of the first premolar4%Canine root is in the distal half of first premolar6%Canine root is in the mesial half of the second premolar36%Canine root is distal to the midline of the second premolar54%6Angulation in relation to the occlusal planAngle ≤ 30 degrees14%Angle between 30-45 degrees30%Angle between 45-60 degrees38%Angle above 60 degrees18%7Root dilacerationsNo54%Yes46%8Incisor root resorptionNo resorption12%Slight resorption when less than midway between pulp canal and cementum is resorbed88%Moderate resorption when more than midway between pulp canal and cementum is resorbed\--Severe resorption when the pulp is exposed\--9Buccopalatal positionCanine located in the middle of alveolar bone20%Canine located in the buccal surface of alveolar bone8%Canine located in the palatal surface of alveolar bone72%10Rotation: (in 3D view)No20%Yes80%

Ten orthodontists accepted to participate in the study and had an average number of years in practice of 22.7 ± 12.02 years. The frequencies of SDD by each evaluator are shown in [Figure 5](#f05){ref-type="fig"}. Mean SDD was computed by ten evaluators for each tooth ([Fig 6](#f06){ref-type="fig"}) and its total mean was 6.45 ± 1.22 for all impacted teeth.

Figure 5 -Histograms of subjective degree of difficulty (SDD) of the whole sample derived from each one of the ten evaluators

Figure 6 -Histogram of mean subjective degree of difficulty (SDD) for each impacted canine specified by all evaluators.

Simple linear regression was used to assess the correlation between mean SDD and nine factors. The effective variables entered the model at P = 0.001 and were excluded at P = 0.05 in backward stepwise by SPSS 16.

Results show that age, dilacerations, angulation, overlap and vertical distance had significant correlation with mean of SDD ([Table 3](#t03){ref-type="table"}).

Table 3 -Simple linear regression shows five factors with significant correlation with mean SDD.ModelBStandard errorBtSig.Constant1.3270.458\-\--2.8980.006Age0.4020.1260.2373.1790.003Dilaceration0.5460.1750.2243.1220.003Angulation0.3520.0970.2713.6170.001Overlap0.3740.0540.4966.9130.000Vertical distance0.7600.1090.5356.9570.000

DISCUSSION
==========

When orthodontists consider the possibility of treating an impacted canine, they are facing several problems. The first is the potential duration of treatment, if guided eruption is considered. Should that be the case, the tooth is brought into occlusion by a combination of surgical and orthodontic interventions. The second problem is the esthetic and functional results of treatment, which may not fulfill patients\' best interests. The third problem is the risk of damage to neighboring teeth during treatment, especially in cases in which surgical exposure is needed. It would be of great benefit to both the patient and the clinician if the orthodontist, before treatment, had a better idea of treatment difficulties involved in treating an impacted tooth. Becker et al[@B16] concluded that the major reasons for failure of impacted canine force eruption were inadequate anchorage, mistaken location, directional traction and ankylosis.

It could be easier for the clinician to determine whether to extract an impacted tooth or attempt to force erupt it if a systematic approach were available. A treatment difficulty index has been proposed according to conventional radiographs,[@B09] but rare studies[@B06] are available using CBCT to assess treatment difficulty. Bjerklin and Ericson[@B18] found that treatment planning of 43.7% os patients were modified when new information gleaned from computed tomography were presented to the examiner.

CBCT provides detailed information about impacted teeth. It is important that this information be organized so as to prevent confusion and reduce the time needed for evaluation in the diagnosis and treatment planning process. The evaluation of each one of the ten factors was structured in a four-step approach, so that the clinician could view impacted teeth conveniently in a simple protocol, in addition to measuring each factor systematically.

Kau CH[@B05] introduced a new measuring scale, in cases of impacted canines, based on three different viewpoints of CBCT, in order to grade the difficulty of impaction and the potential efficacy of treatment. The author believed that the sum of scores for the cusp tip and root tip in the three views determined the anticipated difficulty of treatment. This grading may be useful in treatment planning, but its clinical usefulness and reliability have not yet been evaluated.

In our study, the most important factors listed in published articles about canine impaction and their possible role with respect to treatment difficulty were measured and provided for the evaluators. Comparison of our experts\' opinion and variables in each patient showed that age, dilaceration, angulation, overlap and vertical distance from the occlusal plane have significance correlation with SDD. In a study by Fleming et al,[@B02] angulation of the canine, vertical position from the occlusal plane, anterior-posterior position of the root apex and the degree of overlap of the adjacent incisor correlate with the prognosis of ectopic canines. Zucatti et al[@B08] reported a strong association between the number of visits and increasing age, vertical height, and mesial displacement of the cusp tip. Pitt et al[@B09] proposed a treatment difficulty index according to horizontal position, age, vertical height, buccopalatal position, rotation, midline, angulation and alignment. These results showed that a combination of five major variables out of ten could be used to predict difficulty based on a pool of experts\' opinion.

Although examination of CBCT scans based on a full viewer version may be ideal for experts evaluation, we arranged the evaluation using nine picture format due to unavailability of Dolphin 3D viewer at that time and the time needed to assess 50 impacted teeth. This makes web-based questionnaires more convenient to upload smaller size data files. The kind of questionnaire used in this study helps us show images of impacted teeth in 3D format and provides more convenience for evaluation all around of the world.

To assess impacted canine treatment difficulty, the number of evaluators and their clinical experience are of utmost importance. Botticelli et al,[@B06] in her study, used the opinion of eight dentists to compare 2D *versus* 3D imaging used for diagnosis of unerupted maxillary canines, but only three of them had more than five years of experience. Bjerklin[@B18] counted on only one examiner to assess 80 patients\' records. In another study, he sent a questionnaire of three patients to 182 orthodontists from Sweden, with at least one year of experience, to assess CT scans for resorption, but not 3D localization.[@B17] In the present study, we used CBCT scans of 50 impacted teeth for 3D localization and resorption according to opinion of ten expert orthodontists with at least 10 years experience.

CBCT per se could not be a perfect tool to assess treatment difficulty, as there must be other important diagnostic criteria, such as patient\'s preferences, functional problems, soft tissue drape etc, which must be included in a diagnostic setup. An outcome analysis based on esthetics, periodontal conditions, occlusal function of impacted tooth and treatment follow-up,[@B20] in addition to radiographic analysis, would be the gold standard of decision making.

CONCLUSION
==========

To predict the difficulty of impacted maxillary canines forced eruption, according to the opinion of experienced orthodontists, age, dilaceration, angulation, overlap and vertical distance from the occlusal plane are the most important variables.

» The authors report no commercial, proprietary or financial interest in the products or companies described in this article.

» Patients displayed in this article previously approved the use of their facial and intraoral photographs.
